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© Method of manufacturing tube grass. 

© In the manufacture of tube gla$$, in which follow- 
ing the drawing of a tube from molten glass the 
inside surface of the tube is treated with a chemi- 
cally reactive gas or gas mixture, a gas or gas 
mixture which »$ not reactive at the drawing tempera- 
ture of the glass is dispensed into the tube in the 
direction of drawing. At a location in the tube where 
the tube has cooled down so far that the diameter is 
constant, the gas or gas mixture is made to react by 
means of a plasma which is generated in the tube. 
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The invention relates to a method of manufac- 
turing tub© glass, in which following the drawing of 
a tube from molten glass the inside surface of the 
tube is treated with a chemically reactive gas or 
gas mixture. 

Methods of this type are known per se. 

Reference can be made to, for example, US-A- 
4 717 607 in which a description is given of a 
method of extracting alkali and alkaline earth ions 
from the surface of tube glass during the drawing 
of tube glass from a glass meit. in said known 
method the reactive gas consists of a mixture of a 
gaseous organo-fiuoride compound and an oxidiz- 
ing gas. The reaction is brought about by the high 
temperature of the glass in the so-called bag of 
soft glass. The fluoride-containing gas formed 
reacts with the alkali and alkaline earth ions in the 
glass surface. Tne alkali and alkaline earth com- 
pounds formed are exhausted Wa the end of the 
tube formed from the glass. The tube glass ob- 
tained by this method can be suitably used for the 
manufacture of fluorescent lamps having a 
mercury-ccntaintng atmosphere. 

A similar method is known from the published 
Netherlands Patent Application NL-A-78 06 006. In 
said method, for example, a volatile chloride of a 
metai and a gaseous oxidation means are dis- 
pensed into the bag of soft glass during drawing. 
Under the influence of the high temperature in the 
bag (800-950 * C) a film of the oxide of the metal in 
question would be deposited on the inside wall of 
the bag. tt is known, however, that a reaction be- 
tween, for example, oxygen and the chlorides of, 
for example, silicon, titanium, tin only takes place 
in this temperature range when the reaction mixture 
contains a quantity of hydrogen or water vapour. In 
said Patent Application, layers of tin oxide, titanium 
oxide and indium oxide are mentioned as examples 
of layers which can be applied. 

The known methods have the disadvantage 
that the surface layers formed in the bag of soft 
glass are deformed during the drawing of the tube 
to a smaller diameter. When the layers formed 
have a higher melting temperature or a higher 
softening temperature than the underlying glass, 
cracks may be formed in said layers as a result of 
the unavoidable deformation of said layers during 
the shaping of the bag into a tube. Due to this, the 
intended protection of the underlying glass or the 
intended optical function of the layer applied are 
not optimally obtained. 

It is an object of the invention to provide a 
solution to the above problem. For this purpose, 
the method according to the invention is character- 
ized in that a gas or gas mixture which is not 
chemically reactive or substantially not chemically 
reactive at the drawing temperature of the glass is 
introduced into the tube in the direction of drawing. 
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which gas or gas mixture is made to react in the 
tube at the location where the tube has cooled 
down so far that the diameter is constant, by 
means of a plasma which is generated in the tube. 

s When the method according to the invention is 

used, the surface layers will no longer be subject 
to deformation after they have been formed in the 
plasma zone. In this manner, also very thin surface 
layers which are formed under the influence of the 

w plasma provide a very effective protection of the 
underlying glass against attack by corrosive at- 
mospheres or alkali and/or alkaline earth ions from 
the glass are prevented from adversely affecting 
the life cycle of the lamps manufactured from the 

75 tube glass obtained, for example fluorescent lamps. 
If, however, a minor thermal reaction takes place in 
the bag of soft glass, any cracks in the layer 
formed will be filled in the plasma zone, so that 
also under these conditions a properly sealing lay- 

20 er is obtained by the method according ^to the 
invention. 

The method according to the invention can be 
used in all those cases in which it is desirable to 
apply a layer of a different composition on the 
25 inside of tube glass* such as, for example, by 
extracting metal ions from the glass surface or by 
depositing layers having a protective and/or spe- 
cific optical function on the glass surface. Layers 
having a specific optical function are, for example, 
30 layers which selectively reflect a portion of the 
spectrum, for example UV-reflecting layers which 
pass the visible portion of the spectrum. 

In the method according to the invention, a 
reactive gas or a reactive gas mixture which con- 
as slsts of two or more components is used. In the 
manufacture of tubes from glass, the temperature 
of the soft glass in the bag being for example 
800 'C, a reactive gas is used which does not 
exhibit a noticeable thermal reaction up to tempera- 
40 tures of approximately 800 *C or higher, and which 
can be made to react under the influence of a 
plasma at temperatures at which the glass no long- 
er deforms permanently and at which the diameter 
has become constant. 
45 Examples of reactive gases are: etching gases 
such as CF 4 , C2F5, C 2 F4, NFs, SF 6 and SQ2F2; 
said gases can also be used as mixtures with air or 
oxygen. 

Reactive gas mixtures which are used for de- 
50 positing layers having an optical or protective func- 
tion are, for example, combinations of volatile or 
gaseous metal halogenides and oxidation means. 
Examples thereof are: SiF 4 , SiCU, AICI 3 , SnCk, 
TiCU, ZrCk BF a . BCI 3 . PCt 3 , YCfe. CrOaCI*. CH*, 
55 HfCU. LaCb. Ni(CO>4, TaFs and the like; examples 
of oxidation means which can be used are Cfe, NCfe 
and CO2/H2 mixtures. By means thereof layers 
consisting of C, SiCfe, AkOa, SnOz, TIQz. ZrCfe etc. 
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can be deposited. Of course, it is alternatively 
possible 1o deposit layers of mixed oxides by using 
mixtures of various metal halogenides. rt is also 
possible to use gas mixtures which have an etching 
effect and from which a layer can be deposited, in 
general, gas mixtures comprising a metal fluoride 
have such an effect but other suitable mixtures are, 
for example, mixtures comprising a metal chloride 
and an etchant such as C2F& . 

Correspondingly, layers of nitrides can be de- 
posited, for example, by using a gas mixture con- 
sisting of SICI4 and NH3. The only condition to be 
met is that the gas mixture is selected so that no or 
only a minor thermal reaction takes place in the 
bag of soft glass. 

The plasma may be a high-frequency piasma 
and a microwave plasma. When an isothermal plas- 
ma having a high temperature is used, which will 
generally be the case in gas mixtures of atmo- 
spheric pressure and higher, the rate at which the 
glass tube is moved through the plasma zone has 
to be sufficiently high to preclude heating to the 
deformation temperature. 

Preferably, the reaction is carried out using an 
isothermal plasma having a high temperature in a 
gas mixture of at least atmospheric pressure, the 
glass tube being moved through the plasma zone 
at a rate which is sufficiently high to preclude 
heating to the deformation temperature. 

The use of a plasma has the advantage that, in 
general, higher reaction rates are possible than 
with thermal CVD processes. Under the influence 
of the plasma, in general $ more complete conver- 
sion of the gases can be obtained than would be 
possible with an exclusively thermal process. Thus, 
the method according to the invention provides a 
better controllable process which is less dependent 
on the drawing temperature and the drawing rate 
than a thermal CVD process, and in which no 
plasma is used. 

The method according to the invention will be 
explained in greater detail by means of the follow- 
ing exemplary embodiment and with reference to 
the accompanying drawing, in which the sofe Fig- 
ure dlagrammaticaily shows a method of drawing 
tube glass according to the so-called Oanner pro- 
cess (see. for example, 

US-A-1 219 709) and the subsequent treatment of 
the Inside surface. However, the tube glass can be 
manufactured just as well according to the so- 
called Velfo-process (see, for example, US-A-2 009 
793) or any other suitable process in which a bag 
of soft glass is formed into which the reactive gas 
can be blown. 

In the Oanner process, molten glass is drawn 
from a container, not shown, and provided around a 
rotating mandrel 1. Inside said mandrel there is a 
tube 2 for supplying a reactive gas, which tube 



opens into the bag 3 of soft glass. The temperature 
in said bag 3 generally ranges between 800* C and 
950 • C. A device 7 for generating a plasma in the 
glass tube $ is situated between the drawing rollers 
5 4 and 5 where the tube glass 6 has cooled down 
so far that it can no longer be permanently de- 
formed. The temperature of the glass at this loca- 
tion may be, for example, approximately 400 *C. 
The device 7 may consist of, for example, a reso- 
w nator, a travelling-wave applicator or a coil. 

in a practical embodiment, a gas mixture con- 
taining SiRt, oxygen and nitrogen in a proportion of 
0.1 : l : 5 is blown into the bag of soft glass during 
the drawing of the tube. Such a mixture does not 
75 react or hardly reacts thermally at temperatures 
below approximately 1000* C. The velocity of the 
glass tube 6 in the plasma zone was approximately 
5 meters per second. The gas mixture was blown 
into the tube at a flow rate of 2 m 3 per hour. By 
20 means of a resonant cavity 7 and an AC field of 
2.46 Ghz a plasma was generated which has a high 
temperature at atmospheric pressure. The glass 
tube 6 is led through the plasma zone at such a 
rate that at the drawing force used the temperature 
25 of the glass tube, in situ, did not reach the de- 
formation temperature. In this manner, a tube hav- 
ing an inside diameter of 65 mm which was coated 
on the inside with a thin layer of SiQ? was obtained 
from a bag of soft glass. When said tube is used in 
so fluorescent lamps, the layer effectively prevents 
sodium ions from diffusing out of the glass. As a 
result of the fluorine formed in the deposition reac- 
tion, a part of the sodium ions is etched from the 
surface of the glass. 

35 

Claims 

1. A method of manufacturing tube glass, in 
which following the drawing of a tube from 

40 molten glass the inside surface of the tube is 

treated with a chemically reactive gas or gas 
mixture, characterized in that a gas or gas 
mixture which is not chemically reactive at the 
drawing temperature of the glass is introduced 

45 into the tube in the direction of drawing, which 

gas or gas mixture is made to react in the tube 
at the location where the tube has cooled down 
so far that the diameter is constant, by means 
of a plasma which is generated in the tube, 

50 

2L A method as claimed in Claim 1 , characterized 
in that a reactive gas or gas mixture is used 
which reacts with the glass surface under the 
influence of the plasma thereby extracting met- 
$5 al tons. 

3. A method as claimed in Claim 1 , characterized 
in that a reactive gas or gas mixture is used 
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which forms a layer on a glass surface under 
the influence of the plasma. 

4. A method as claimed in Claim 1, characterized 

in that a layer of SiOz is applied by using a s 
gas mixture containing SiF^ oxygen and nitro- 
gen. 

5, A method as claimed In Claim 1 , characterized 

in that an isothermal plasma having a high w 
temperature Is used in a gas mixture of at least 
atmospheric pressure, the glass tube being led 
through the plasma zone at a rate which is 
sufficiently high to preclude heating to the de- 
formation temperature. ?s 
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